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(54) Magnetoresistance effect device, head, and memory element 



(57) A magnetoresistance effect device includes; a 
free layer (1 01) whose magnetization direction Is easily 
rotated by an external magnetic field; a non-magnetiza- 
tion layer (103); and a pinned layer (102) whose mag- 
netization direction is not easily rotated by an external 
magnetic field, the pinned layer being provided on a face 
of the non-magnetization layer (103) which is opposite 



to a face on which the free layer (1 01 ) is formed, wherein 
the pinned layer (1 02) includes: a first non-magnetic film 
(1 04) for exchange-coupling; and first and second mag- 
netic films (1 05,1 06) which are antiferromagneticaliy ex- 
change-coupled to each other via the first non-magnetic 
film (1 04), and the first non-magnetic film (1 04) includes 
one of the oxides of Ru, Ir, Rh, and Re. 
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Description 

BACKGROUND OF THE INVENTION 
1 . FIELD OF THE INVENTION: 
[0001] 



toresistance effect device. magneioresistance effect memory devce using the thermally-stable magne- 

2. DESCRIPTION OF THE RELATED ART: 

use a metal film, such as Cu or the like in Hn^l^^Z^^^^^^^ 

effect device, called a TMR dev e S'^ se ^J^f^T^ ' tunne.ing-type magnetoresistance 

have become enthusiastic (Jouma of wZefem Sni^^^^^ ? '""^ non-rnagnetic layer, 

device and the TMR device to a magrTerhead aTd a X^^? ''PP'"^^^'"" °' ^MR 

TA7.3). There is already an applic^tfon o me GMR devicTr^ '''''^^ '^^^ 'SSCC TA7.2. 

sistance change rate of abouMO-fat room'empe^^^^^^^ '^^^"^^ ^''""'^ « '"^Onetore: 
[0003] However surh a m^or, ^ . temperature and is expected to achieve high output 

of the magnetoresistance effect device ^ eSoTaJe Sli^lvT ^"'^ ^'^^^actertetics 

antiforromagnetic layer in whichapinned^e?c™teinsS^^^^^^^ p magnetoresistance effect device including an 
are exchange-coupted via the antLor^are lay " t ^ h"h' '"u '^'^^^ 

Soi'TT""" °' magnetoresistance elf ect devU dete;ro::r ^"'^ ^ ^ 

I JagreSctrrmt;^^^^ liy^T^^r^::,:::" t^^^ ^ ^ ^'-^ - - - a structure, 

layers are antiferromagnetici exchana^ouotrv^^^ '^^^^^^ '"'^ ferromagnetic 
.nRh,ete.nsuchastLure/di7o^^^^^^^ 

L°L.T^oTc" J'ii^^^^^^^ r -^-^--P«"« abo. ce-o. nm. 
wherej.^^^^^^^^^^^ 

SUMMARY OF THE INVENTION 

pinned layer includes: a Lt non-mag^S^for S«n„V f °" """"^ '"^"^ the 

antiferromagnetically exchange^^^upied to oZli^ne ^^^^^^^ "^'^ '"^^netic films which are 
includes one of the oxides of Ru Ir Rh and Re non-magnetic film, and the first non-magnetic film 

!Sar:;~e""'^'''''"^^^^^ 

Sngj^rt'jjrdir^ssr^^^^^^ 

otherviathesecond non-magnetic film- thes2on?nonL„j2 n f •"^^°"^^9"««'=al'y exchange-coupled to each 
of Ru, Ir, Rh, and Re; and the third Z.niiZT"Z!^T^^^ '"'""''^^ ^''^^ °-des 

magnetic film has an intensity of magnetSation 1J2 an! L tS Sneteation M1 and a thickness t1 and the fourth 
from a product (M2xt2). ^gnetization l\^2 and a thickness t2, and a product (Ml xtl ) is substantially different 

S colt rsMcTa^r t::r:z rr^ " " -^-^ 
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[0012] In still another embodiment of the present invention, the magnetoresistance effect device further includes: an 
antiferromagnetic layer which is magnetically exchange-coupled to the pinned layer; and an underlying layer mainly 
containing NiFeCr the underlying layer being provided on a face of the antiferromagnetic layer which is opposite to a 
face on which the pinned layer Is fomned. 

5 [001 3] According to another aspect of the present invention, a magnetoresistance effect device includes: a free layer 
whose magnetization direction is easily rotated by an external magnetic field; a non-magnetization layer; and a pinned 
layer whose magnetization direction is not easily rotated by an external magnetic field, the pinned layer being provided 
on a face of the non-magnetization layer which is opposite to a face on which the free layer is fomned, wherein the free 
layer includes: a first non-magnetic layer for exchange-coupling; and first and second magnetic films which are antif- 

10 erromagnetlcaliy exchange-coupled to each other via the first non-magnetic film, the first non-magnetic film includes 
one of the oxides of Ru, Ir, Rh, and Re, and the first magnetic film has an intensity of magnetization M1 and a thickness 
t1 and the second magnetic film has an intensity of magnetization M2 and a thickness t2, and a product (M1 xtl) is 
substantially different from a product (M2xt2). 

[0014] In one embodiment of the present invention, the magnetoresistance effect device is atunneling-type magne- 

15 toresistance effect device. 

[0015] In another embodiment of the present invention, the magnetoresistance effect devce further includes: an 
antiferromagnetic layer which is magnetically exchange-coupled to the pinned layer; and an underlying layer mainly 
containing NIFeCr, the underlying layer being provided on a face of the antiferromagnetic layer which Is opposite to a 
face on which the pinned layer is fomied. 

20 [0016] According to still another aspect of the present invention, a magnetic head for detecting a signal magnetic 
field from a recording medium includes: two shield sections each including a magnetic substance; and the magnetore- 
sistance effect device of the present invention provided in a gap between the two shield sections. 
[0017] According to still another aspect of the present invention, a magnetic head includes: a magnetic flux guiding 
section Including a magnetic substance; and the magnetoresistance effect device of the present Invention for detecting 

^5 a signal magnetic field introduced by the magnetic flux guiding section. 

[0018] According to still another aspect of the present invention, a magnetic recording medium includes: the magnetic 
head of the present invention for recording a signal in a recording medium; an ami on which the magnetic head is 
mounted: a driving section for driving the arm; and a signal processing section for processing the signal and supplying 
the processed signal to the magnetic head. 

^ [0019] According to still another aspect of the present invention, a magnetoresistance effect memory device includes: 
a magnetoresistance effect device including a free layer whose magnetization direction is easily rotated by an external 
magnetic field, a non-magnetization layer, and a pinned layer whose magnetization direction is not easily rotated by 
an external magnetic field, the pinned iayer being provided on a face of the non-magnetization layer whbh is opposite 
to a face on which the free layer Is fonned, wherein the pinned layer includes: a non-magnetic film for exchange- 

-W coupling; and first and second magnetic films which are antiferromagnetically exchange-coupled to each other via the 
non-magnetic film, the non-magnetic film for exchange-coupling includes one of the oxides of Ru, Ir, Rh, and Re; a 
word line for generating a magnetic field so as to invert the magnetization direction of the free layer; and a sense line 
for detecting a change in resistance of the magnetoresistance effect device. 

[0020] In one embodiment of the present invention, the magnetoresistance effect device further includes an antifer- 
romagnetic film which is magnetically exchange-coupled to the pinned layer 

[0021] In another embodiment of the present invention, the free layer includes: a second non-magnetic layer for 
exchange-coupling; and third and fourth magnetic films which are antiferromagnetically exchange-coupied to each 
other via the second non-magnetic film; the second non-magnetic film for exchange-coupling includes one of the oxides 
of Ru, Ir, Rh, and Re; and the third magnetic film has an Intensity of magnetization Ml and a thickness t1 and the fourth 
''5 magnetic film has an intensity of magnetization M2 and a thickness t2, and a product (M1 xtl ) Is substantially different 
from a product (M2xt2). 

[0022] In still another embodiment of the present invention, at least one of the first through fourth magnetic films 
mainly contains cobalt (Co) and also contains boron (B). 

[0023] In still another embodiment of the present invention, at least one of the first and second magnetic films mainly 

so contains cobalt (Co) and also contains boron (B). 

[0024] In still another embodiment of the present invention, wherein the magnetoresistance effect device further 
includes: an antiferromagnetic layer which is magnetically exchange-coupled to the pinned layer; and an underlying 
layer mainly containing NiFeCr, the underlying layer being provided on a face of the antiferromagnetic layer which is 
opposite to a face on which the pinned layer is formed. 

55 [0025] According to still another aspect of the present invention, a magnetoresistance effect memory device includes: 
a magnetoresistance effect device including a free layer whose magnetization direction is easily rotated by an external 
magnetic field, a non-magnetization layer, and a pinned layer whose magnetization direction is not easily rotated by 
an external magnetic field, the pinned layer being provided on a face of the non-magnetization layer whtoh is opposite 
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f-rstnon-magnetic film, the firstnonmagneSncI^^^^^^^^ 

fiim has an intensity of magnetization m I^^TZ^ZT^'IZT"^^^ " ^"^ ^he first magneti^ 

^ ization m and a thickness t2. and a product (Mmrfel bstam aL Tf '"'^"^''y °' '"^Sn^t- 
gene,at,ng a magnetic field so as to invert thl magnetSn Sl'^^^^^^ ' P™'? ^ 
a^nge ,n resistance of the magnetoresistance effec'dSice ^ "^^^'^ ^ '^"^^ ^^^-^Sng 

Earsxs^-~^^ 

anantLorgn^i~rm~^^^^^^^^ 

containing NiFeCr. the underlying laye?belng SeTo'n aS of^^^^^^^^^ ""^^^^'^'"9 ^^^errmr^^ 

face on which the pinned layer is fomied '''^ antiferromagnetic layer which is opposite to a 

■Sarnrg'n"i:::yirrr^^^^^^^ 

Of the non-magnetic layer for ^J^^^Z^lZ::^^ r/'""* °' ^ - -'^^-e 

.ssignificantly improved. A hard-magne^cSlUe ^^^^^^^^^ a heat-resisting property of the device 

However, m such a case, when the size of the dJice is sma! a In 7 r Z ^«9netoresistance effect device, 
layer Thus, it is desirable that the pinned layer brforedTalTSTf' °' '"""^^ '"^"^ « 
nefcally exchange-coupled to an antiferromagnefc Z ^ antrferromagnetic coupling film which is mag- 

Li tr^e^—rdr^^^^^^^ 

second magnetic films must be fom^ed such tha a produS^MIxti^ H"^ "^'"'^"^^^ '2, the first and 

rotate the magnetization direction of the free layef to tSe Son of I'"'" ' ^'^^^'^^ -"^^^ 

m the case where (Ml xtl )=(M2xt2). even if a maanefe fi!^^ ^,'^^"'«"y-«PP"«d magnetic field. This is because 
s inhibited from rotating to the direction of the'Sta ^S^^^^^^^^ magnetization direction of the free laye; 

he above 'ayeredantiferromagneticcouplingf ilm w lSaa«^^^^ k ""^^ ^'""^ '^^^^ '^-^^^ of 
[0031] A magnetic film which mainly conLnT Sucofand It 

magnetic film(s) of the pinned layer or free layer Tbi oflhroinS'"' ""'T/^^ "^"^ "^^^ ^ P"^'"" a 
effect device of the present invention. With such a stmSre a so^^^^^^^ °* magnetoresistance 

LgnLmlt:rX~^^^^^^ 

magnetic fieldcan be obtained "'^^^^ '''^"^ally-stable reproduction head for detecting a signal 

Pmoesslngswtlon. ^ ™»Mnglnlom»«on. and a sIgnM 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0039] 

5 Figures 1 through 3 show examples of a magnetoresistance effect device according to the present Invention. 

Figure 4 illustrates rotation of a nnagnetizatlon direction of a free layer in a magnetoresistance effect device ac- 
cording to the present invention which is caused by an external magnetic field. 

10 Figure 5 shows an exemplary magnetic head having a shield which is produced using a magnetoresistance effect 

device according to the present invention. 

Figure 6 shows an exemplary magnetic head having a yoke which is produced using a magnetoresistance effect 
device according to the present invention. 

15 

Figure 7 shows an example of a magnetic recording reproduction apparatus which is produced using a magne- 
toresistance effect device according to the present invention. 

Figure 8 shows an example of a memory device which is produced using a GMR film according to the present 

20 invention. 

Figure 9 shows an example of a memory device which is produced using a TMR film according to the present 
invention. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0040] Figure 1 shows an example of a magnetoresistance effect device according to the present invention. The 
magnetoresistance effect device 100 includes a free layer 101 whose magnetization direction is easily rotated by an 
extemal magnetic field; a pinned layer 102 whose magnetization direction is not easily rotated by an external magnetic 
30 field; and a non-magnetic layer 103 interposed therebetween. The pinned layer 102 includes a non-magnetic layer 104 
for exchange-coupling, and magnetic films 105 and 106 which are antiferromagneticaliy exchange-coupled to each 
other via the non-magnetic layer 104. The non-magnetic layer 104 for exchange-coupling contains oxides of any of 
Ru, Ir, Rh, and Re. 

[0041 ] The free layer 1 01 and the pinned layer 1 02 are magnetically separated from each other by the non-magnetic 
35 layer 103. The magnetization direction of the free layer 101 freely rotates in response to an externally applied magnetic 
field, whereas the magnetization direction of the pinned layer 102 does not easily rotate in response to the externally 
applied magnetic field. 

[0042] As described above, the pinned layer 102 includes the magnetic films 105 and 106 which are antifenromag- 
neticalty exchange-coupled to each other via the non-magnetic layer 104. A feature of the present invention is to use 
40 any of oxide films of Ru, Ir, Rh, and Re for the non-magnetic layer 104 which realizes an antifen-omagnetic exchange- 
coupling. 

[0043] Various metals, such as Cu, Ag, Cr, Ru, Ir, etc., are known as materials used in a non-magnetic film which 
antiferromagneticaliy exchange-couples two magnetic layers. However, a non-magnetic film which is formed of an 
oxide film or nitride film of the above metals and which achieves an antifen^omagnetic exchange-coupling was not 
^5 known. According to the common knowledge among those skilled in this art, a metal oxide film has no capacity to 

antiferromagneticaliy exchange-couple two magnetic layers. That is, it was unreasonable for those skilled in the art to 
use a metal oxide film as a non-magnetic film which achieves an antiferromagnetic exchange-coupling of two magnetic 
layers. 

[0044] For example, an oxide film of Cu, Ag, Or, or the like, cannot achieve an antiferromagnetic exchange-coupling 

so of two magnetic layers. The reasons therefor are described below. 

[0045] Electrons in the two magnetic films are refen^ed to as "d-electrons". The d-electrons exhibit a localized be- 
havior. Thus, when the two magnetic films are separated by several atomic layers, a magnetic interaction between the 
two magnetic films is abnjptly weakened. Electrons in a non-magnetic metal film of Cu, Ag, Cr, Ru, Ir, or the like, are 
refen-ed to as "s-electrons". When a non-magnetic metal film of Cu, Ag, Cr, Ru, ir, orthe like, is inserted between the 

55 two magnetic films, the s-electrons exhibit an Itinerant behavior The magnetic interaction of the d-electrons between 
the two magnetic films is strengthened by the intervening s-electrons which exhibit an itinerant behavior As a result, 
the two magnetic films are antiferromagneticaliy or f erromagnetically exchange-coupled according to the distance be- 
tween the two magnetic films (i.e., thickness of the non-magnetic metal film). This effect is known as "RKKY interaction". 



BNSDOCID: <EP 1187103A2J_> 



EP 1 187 103 A2 



15 



20 



25 



30 



40 



45 



50 



55 



inTerantTZioTbu"? e'ec.rons in the oxide filn. do not exhibit 

magnetic films. ' " '® ^"^'^^ ^ antiferromagnetically exchange-couple the two 

[0047] Thus, it is unreasonable for those skillsH in «,» ,^ ♦ 
- coupling. Actually, an oxide film wa^To? usS as a non l°n"ftt n °T ' Magnetic film for exchange- 
when a typical oxide film, such as Ai,0,. S S^o^theTkeTs usel ^ " ^ « 'en 
for exchange-coupling, the two magne c films a f no e^chZ """" ^ ^ "on-magnetic film 
Cr That is. an antiferromagnetic exchange-Toun fna of tl^^ ^' ^"''^ "•^^ °f Cu and 
be achieved via an oxide layer of Cu or Cr ^ '"^^ ''^ ^« Cu or C, but cannot 

Ed ^eZ7::~Xts^^^^^^^ saving a thickness of about 1 nm . 

thinoxidefilm,andasaresult.amaLIS2nceXr^-T^ ^'^'"""^ mirror-reflected by the inserted 
Materials, 210 (2000). 120-2;). ^ '^^"'*'''"'^^^^^ 
[0049] While conslderinq the abovA fartc th^ « 

achieves a mi.or reflection e^^TJ^^o^s^^^^^ 'Z't^ '^"''"'^ ^" ^^^^ -'^''^'^ 

magnetic films. As a resutt of the research and dellTr^lt the ^le^^ exchange-coupling of two 

and Re are exceptional oxide films that can achiZ r!^ ""^"'"'^ '^^^ 'i'^^s o» Ru. Ir Rh 

Furthem^ore, the present invento. ^f^nd^e o.^^^^^ excbange-coupling of two magnetic films.' 

as described below. "® '"'"^ °' f^"' "1. and Re have superior thermal stability 

[0050] The metal oxide films of Ru ir Rh ar^w a 

and Re. Specifically, in the metal oxide )Zs o Ru ,r' RTirR?^"''' ^^"^^^ ^° --t^l films of Ru, I, Rh. 
.merface of the non-magnetic layer 104 even at 400oc o; molV I ""'^ "°' ^^'^--'^ an 
effect device including such oxide films do nordrrioratLTurthl^^" °' magnetoresistance 

Rc, the two magnetic films 105 and 106 can hfi^rr any of the oxide films of Ru. Ir. Rh and 

oxide film. Th.s. when using any o, t foxTde LsTRTTrT:'"?."'^'^"^^"^ '° other •th;oug;, the 
Ru. ir. Rh. and Re is not caused in an Iterface of the non Ion t "'^ ^! "on-magnetfe layer 104, diffusion of 
magnetoresistance effect device whose c.TacZ^LToZ^^^. T '^'^ ^ « -^"'t. a 

effect device 100, can be obtained. '^'^"^'>ob do not detenorate. ,.e., a themially-stable magnetoresistance 

[0051] When a metal film of Cu or the like Is ii«oh =e tK 

device 1 00 becomes a GMR devfce. In this GMR Zt^J^oiZ.^'r''' T!' -«3"-t°^-^*stance effect 

f -Im Of Figure 1 so as to complete a magneto resistanTe ^'^^^''^ °" °PP°stte side faces of the layered 

. e non-magnetic layer 103. the magnre iSn S e"^"^^^^^^^^ ""'Sr °' Al or the like is used as 

electrodes areprovidedon upperand towerfaces of ihP i™hT ''^""'^^ « TMR device. In this TMR device 
effect device. ''"'°"''^'^y^'^'^"""°f'''9"^e1 so as to complete a magnetoresistance 

[0052] In either of the GMR device and thA tmr h • 

antiparallel to that of the magnetc film 105 included tTpi^ne'd" ll'S^r"" f '^^^^ « 
effect device is high. When the magnetization direction of tJl f r!! ! 1^' resistance of this magnetoresistance 
included in the pinned layer 102, the resiSancr^tli Inni \ " P^'^"^' '° °* '^'^ "«9netc film 105 
and TMR devices, a magLoresistance ange rLe (^^^^^ "^l?^ ^ -^'^ these GMR 

convent,onal magnetoresistance effect device whSh iseX" ^r " " "'S''^^^''^" °' « 

UiL'r^ctlTe^^^^^^^ 

nume 13 .sed for the magnetoreslLce e^t dSS^^^^^^^^^^^^ \ iT"'' '"<^-ted by like reference 

[0054] Similartothestructureofthemagnetoresisttnc^^^^^^ 

2, the Pinned layer 102 includes the magnL Jims fo5 and ^SJw^^^^^^^ 

each other Via the non-magnetic layer104 Afemure of ?heor?J„?^^ 

and Re for the non-magnetic layer 1 04 whfch realSl! °n ^ n.^ *° "'^ °' of R". Ir, Rh 

oxide films Of Ru, Ir, Rh. and Re as thrnS-^e"^^^^^^^ exchange-coupling. When using any of the 

interface of the non-magnetic layer 104 even S'Coln^^^^^ T °' ^"^ not caused in an 

characteristtes do not deteriorate, i.e.. a tal-stable Zn T " 'T'' " "'^9"-'0'^«3tance effect device whose 
[0055] ThemagnetoresistanceeffectdrvSofurttiiS^^ """^ 
oxchango-coupled to the pinned layer 102, and a 1^^^^^^^^^ 
onaface(,owerface)of.heantiferromagnetic.^^^^^^^^^^^^^ 

pign^^s^diSr^^"^^^ 

figure 1. Especially in this case, when a film mainly coSirNiplrr'^ as compared with the structure shown in 
cHange-couplingcharacteHsticoftheant.erromagniicrSaTdSS^^^^^^^^^^ 
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in order to restrict effects of an exchange-coupling power of the antiferromagnetic layer 201 only on the pinned layer 
102, it is desirable that the NIFeCr underlying layer 201 A be a non-magnetic film. 

[0057] In Figure 2, a hard-magnetic film may be used in place of the antiferromagnetic layer 201 . However in such 
a case, when the magnetoresistance effect device is patterned into a minute shape, a magnetic field from the hard- 

5 magnetic film influences the free layer 1 01 . Thus, in view of an application to a magnetic head or a memory device, it 
is desirable to use the antiferromagnetic layer 201 which does not cause an influence due to a magnetic field. 
[0058] Figure 3 shows a stnjcture of a magnetoresistance effect device 300 which is still another example of a 
magnetoresistance effect device according to the present invention. In Figure 3, like elements are indicated by like 
reference numerals used for the magnetoresistance effect device 200 of Figure 2, and detailed descriptions thereof 

10 are omitted. 

[0059] Similar to the structure of the magnetoresistance effect device 1 00 of Figure 1 , also in the structure of Figure 
3, the pinned layer 102 includes the magnetic films 105 and 106 which are antiferromagnetically exchange-coupled to 
each other via the non-magnetic layer 1 04. A feature of the present Invention is to use any of oxide films of Ru, Ir, Rh, 
and Re for the non-magnetic layer 104 which realizes an antiferromagnetic exchange-coupling. When using any of the 

15 oxide films of Ru, Ir, Rh, and Re as the non-magnetic layer 104, diffusion of Ru, Ir, Rh, and Re is not caused in an 
Interface of the non-magnetic layer 104 even at 400** C or more. As a result, a magnetoresistance effect device whose 
characteristics do not deteriorate, i.e., a thermalty'Stable magnetoresistance effect device 300, can be obtained. 
[0060] The magnetoresistance effect device 300 is different from the magnetoresistance effect device 200 of Figure 
2 in that a free layer 301 is used in place of the free layer 101, The free layer 301 includes a non-magnetic film 302 

20 for exchange-coupling, and magnetic films 303 and 304 which are antiferromagnetically exchange-coupled to each 
other via the non-magnetic film 302. The non-magnetic film 302 Includes any of the oxide films of Ru, Ir, Rh, and Re. 
In the case where the magnetic film 303 has an intensity of magnetization Ml and a thickness t1 and the magnetic film 
304 has an intensity of magnetization M2 and a thickness t2, a product of M1 and t1 , i.e., Ml xtl , is set so as to be 
substantially different from a product of M2 and t2, i.e., M2xt2. 

25 [0061] The structure shown In Figure 3 must be structured such that (M1 xt1-M2xt2) is not equal to zero. To this 
end, if two films having a same composition are used, the two films may be formed so as to have different thicknesses. 
Altematively, even when the two films have the same thickness, it is only necessary to form the two films such that 
intensity of magnetization is different between the two films. 

[0062] In each of the magnetoresistance effect devices 100 and 200 shown in Figures 1 and 2, if the width of the 
30 device is reduced while the thickness thereof is maintained constant, i.e., the size of the device is reduced, a reversed 
magnetic field generally increases in inverse proportion to the width of the device. If the reversed magnetic field be- 
comes large, the sensitivity of the magnetoresistance effect device deteriorates. As a result, in a memory device using 
such a magnetoresistance effect device, a write curent in a word line is increased. However, according to the present 
invention, since the difference between a value of (Ml xt1) and a value of (M2xt2) have an effect on a magnetic 
35 characteristic of the entire free layer 301, the above problems, i.e., increase of the write current and deterioration of 
sensitivity due to the reduction of device size, can be eliminated by adjusting the difference between a value of (Ml xt1 ) 
and a value of (M2xt2). 

[0063] Furthennore, when the size of the magnetoresistance effect device is reduced, information written in a free 
layer of a memory device produced using the magnetoresistance effect device may be affected by thennal fluctuation. 

40 However, if the magnetoresistance effect device is produced so as to have a structure shown in Figure 3, i.e., produced 
so as to include the free layer 301 where the two magnetic films 303 and 304 are antiferromagnetically exchange- 
coupled to each other via the non-magnetic film 302, a thennaily-stable memory device which is resistant to thennal 
fluctuation can be achieved based on such a magnetoresistance effect device. In this case, it is desirable to set the 
difference in the products of the intensity of magnetization and the thickness between the two magnetic films 303 and 

4s 304, i.e., the difference between a value of (Ml xt1 ) and a value of (M2xt2), to a value which is greater than 0 and 
equal to or smaller than 2T(tesla) nm. 

[0064] Thus, the direction of the free layer 301 , which includes the magnetic films 303 and 304 antiferromagnetically 
exchange-coupled to each other via the non*magnetic film 302, is rotated such that the magnetization direction repre- 
sented by (Ml xt1-M2xt2) in the free layer 301 is parallel to the direction of an external magnetic field while maintaining 
50 an antiferromagnetic exchange-coupling as shown in Figure 4. Even if the free layer 301 is structured so as to include 
the two magnetic films 303 and 304 antifen-omagnetically exchange-coupled to each other via the non-magnetic film 
302, the sensitivity of the magnetoresistance effect device is low unless the device operates as shown in Figure 4. 
That is, it Is important to design the device so as to operate as shown in Figure 4. 

[0065] Furthennore, when the pinned layer 102 includes the two magnetic films 105 and 106 antiferromagnetically 
55 exchange-coupled to each other via the non-magnetic film 104 as shown In Figure 3, a themrially-stable magnetore- 
sistance effect device whose magnetization direction is less easily rotated by an external magnetic field can be obtained. 
In the pinned layer 102, not as in the free layer 301, the two magnetic films 105 and 106 may have the same intensity 
of magnetization and the same thickness. In the example illustrated in Figure 3. the antiferromagnetic layer 201 is 
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ZZcnn^J " ^'"^'"^ "'^ anfiferromagne ic layer 201 be ml^^^^' ' "'^"^'^'^^^^ underlying 

contains si Z;^'' " " '''"^"'^ '"^^ "^'^^^r material Zol llZZlT"^ ' "^'"'^ '"'='-^-9 

contains 20 atomic percents or more of Cr, the NiFeCr m^t.H.i ^^"^^'"^ the composition of the NiFeCrmateri^ 

M AO Cr R?2?l!? ^ "oonnagnMc layer 103 is lormea by a rriwiiD, L ' '° » SMR 

layerTO ana Oie tree layer 101 or 301 orb.iw™„ h,, „„ _ PoBnzabiHy is proviaea belvreen ihe non-maon.* 

netoli "^^^"^'"^^^'^'^"^^^ff^^t device 504 is conS^To !^^^ 

netoresistance effect device 504 is a GIWR device fhe l^^ ^'^^ case where the maa- 

mmmmmm 

iuu/j>j Thus, according to the oresent inw^.ntj«« tormed so as to be narrower 
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according to the present invention. The nrtagnetic head 600 includes an upper shield 602, a lower shield 601 , and a 
magnetoresistance effect device 504 provided between the upper shield 602 and the lower shield 601 . The lower shield 
601 is nnade of a magnetic material and also functions as a yoke section (magnetic flux guiding section). The example 
illustrated in Figure 6 is an exemplary stmcture of a magnetic head when the magnetoresistance effect device 504 is 
5 a TMR device. 

[0077] As shown in Figure 6, a signal magnetic field from a recording medium (not shown) enters a reproducing gap 
between the upper shield 602 and the lower shield 601 and proceeds along the lower shield 601 , which also functions 
as a yoke section, to the magnetoresistance effect device 504. Then, the magnetoresistance effect device 504 con- 
nected to the yoke section 601 reads the signal magnetic field from the recording medium. The magnetoresistance 
10 effect (TMR) device 504 is connected to an upper lead. The lower shield 601 also functions as a lower lead which is 
connected to the magnetoresistance effect device 504. A portion or an entirety of a free layer included in the magne- 
toresistance effect device 504 may function as the lower shield 601 . If the magnetoresistance effect device 504 is a 
GMR device, the magnetoresistance effect device 504 must be insulated from the yoke 601. 

[0078] Thus, according to the present invention, a magnetic head 600 which has a yoke including the magnetore- 

15 sistance effect device 504 with superior thermal stability can be obtained. 

[0079] Figure 7 is a perspective view showing a magnetic recording/reproduction apparatus 700 which uses a mag- 
netic head including a magnetoresistance effect device according to the present Invention. With a magnetic head 
Including a reproduction head according to the present invention, a magnetic recording/reproduction apparatus, such 
as a hard disk drive (HDD) or the like, can be produced. As shown in Figure 7, the magnetic recording/reproduction 

20 apparatus 700 includes: a magnetic head 701 for recording or reproducing information in a magnetic recording medium 
703; an ami 705 on which the magnetic head 701 is mounted; a driving section 702 for driving the amn 705; and a 
signal processing section 704 for processing a signal reproduced from the magnetk: recording medium 703 by the 
magnetic head 701 or a signal to be recorded in the magnetic recording medium 703 by the magnetic head 701 . 
[0080] The driving section 702 drives the arm 705 so as to place the magnetic head 701 at a predetennined position 

25 over the magnetic recording medium 703. In a reproduction operation, the magnetic head 701 reads a signal recorded 
In the magnetic recording medium 703. The signal processing section 704 reproduction-processes the signal read by 
the magnetic head 701 from the magnetic recording medium 703. In a recording operation, the signal processing 
section 704 recording-processes a signal to be recorded in the magnetic recording medium 703. The magnetic head 
701 records the signal processed by the signal processing section 704 in the magnetic recording medium 703. Thus, 

30 according to the present Invention, a magnetic recording/reproduction apparatus which uses a magnetic head including 
a reproduction head with superior thermal stability can be produced. 

[0081 ] Furthennore, a memory device can be produced by using a magnetoresistance effect device according to the 
present invention where the magnetoresistance effect device is provided with word lines for generating a magnetic 
field and sense lines for reading a resistance of the magnetoresistance effect device as shown in Figures 8 and 9. 

35 [0082] Figure 8 shows a stmcture of a memory device 800 produced using a magnetoresistance effect device 801 
of the present invention as a GMR device. The memory device 800 includes a magnetoresistance effect device 801 
as a GMR device. At left and right sides of the magnetoresistance effect device 801, sense lines 802 for reading 
infonmation recorded in the magnetoresistance effect device 801 are connected. The memory device 800 also has two 
word lines 803 and 804 for writing infomnatlon in the magnetoresistance effect device 801, 

40 [0083] In the case where a plurality of memory devices 800 having such a structure are arranged in a matrix, infor- 
mation can be selectively written In one of a plurality of magnetoresistance effect devices 801 by a synthetic magnetic 
field from the two word lines 803 and 804. The direction of a current flow in the word line 803 is perpendicular to the 
cross section of the memory device 800 shown in Figure 8. The direction of a current flow in the word line 804 is along 
the horizontal direction on the cross section of the memory device 800 shown in Figure 8. 

45 [0084] Figure 9 shows a structure of a memory device 900 produced using a magnetoresistance effect device 901 
of the present invention as a TMR device. The memory device 900 includes a magnetoresistance effect device 901 
as a TMR device. The memory device 900 includes a word line 903 for writing infonnation in the magnetoresistance 
effect device 901 . At upper and lower sides of the magnetoresistance effect device 901 , a sense line 902 and a word 
line 904 which also functions as a sense line are connected, respectively. 

50 [0085] In the case where a plurality of memory devices 900 having such a structure are arranged in a matrix, Infor- 
mation can be selectively written in one of a plurality of magnetoresistance effect devices 901 by a synthetic magnetic 
field from the two word lines 903 and 904. The direction of a current flow in the word line 903 is perpendicular to the 
cross section of the memory device 900 shown in Rgure 9. The direction of a current flow in the word line 904 is along 
the horizontal direction on the cross section of the memory device 900 shown in Figure 9. 

55 [0086] A difference between the memory device 800 of Figure 8 and the memory device 900 of Figure 9 lies in that 
when a plurality of memory devices are arranged in a matrix, the memory devices of the memory device 800 are 
connected to the sense line 802 in series whereas the memory devices of the memory device 900 are connected to 
the sense line 902 In parallel. 
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[0087] In each of the memory devices 800 and onn «i . • 

woni line 903 and the word line/sense line ^oZZ^^TT.^^t^'^T ""^^ - - '-^^ 

d^e«.on of the free teyer is parallel to that of the pin ed ^^^c^^Tl""^^^ ^^^^ magnet^ation 

901 . the resistarK^e of the device is low. When the maanS^^^^^ ^^f magnetoresistance effect device 801 or 
pinned layer, the resistance of the device is high '"^3"^'"^''°" °' ^ee layer Is antiparallel to that of the 

[0089] The memory devices 800 anH onn 

different from a DRAM, which is a volSe memTpuS^^^^^ '^"'^ '^"^^ are 

a serm^onductor flash memoo. in that wnting/realg of^ Zlion in th?'" ^""^ ^ ^ fr"-" 
formed an infinite number of times in principte a time rluZ^fn!^ L '^1'^^'!'°'^ '^"'^^ «»0 and 900 can be per- 
rO09orTH°"''' ' """-^^ve reading is pi^bTe '"'"-"nation is as short as the oL 

ULme;~^^^^^ 

in a memory device at address (N M) In the rnBtriTT.nnll T^^^ " ^ "^'^ «se, when writing infomiation 

the memory devfceat address (N.M) ind nfZatSw^^^^^^ T''^'"''' ""^'^ ""^^ which'^TL!;; 
he ds. Reading Of infom,ation is achLed by r^r^t^^^^^^^^ 

M) through a sense line connected to the memory XiL ^^"'^ °' '"^ ^^''^^ address (N. 

(Examples) 

(Example 1) 

[0091] "The magnetoresistance effect device 100 «!hou»,,„ir- 

strate and Cr, R, CoPt, I, CoFe, Al, Cu. and SlFe fortareS Zf T ^"""^""^ ^'"9 ^i for a sub- 

nm was fom,ed on the Si substrate as a lowre^2trod»T^^^ 

having the following structure was fabricated °" ^"^^^ 

wrerernS:;.;:;:^^^^^^^^^ 

oJda«on afterthe for^aton of fr an^ Al fS «""• A.O flims were fom,ed by natural 

;oosrrm™ai^^^^^^^^ 

thography. A periphery of the magnetoreltanoLS delTl '7'°'" ' °' ^"^^'^ ^^"'P'^ ^ ''V Photoli- 
Over the resuftant structure, a C J/Pt film S^oZlZ ^ru^.^^T^'^ ""'^ ^ ''^^""^'^ ^^^^ -^de. 

thus-fabncated magnetoresistance effect device was Li^allwZt.!^ ^'" of 50 nm as an upper electrode. The 
was applied to the magnetoresistance effecf^evle at rorrim^^^^^ 

ratio, was measured. A resu« of the measur2,Tnnf ZnTST' -^^-^-^-^tance change rate (MR 



Themial treatment temperature (°C) 



[Table 1] 



MR ratio of example sample 1 (%) 



300 



31 



320 



31 



340 



31 



360 



31 



380 



31 



400 



50 



55 



(Example 2) 

[0095] The magnetoresistance effect device 200 «5hn«in r« c- 

strate and Pt, Ru, PtMn, CoFe. Cu, Al. NIFe NiFe^^^^^^^^ was fabricated by spunering using Si for a sub- 

nm was fomied on the Si substrate as a loweVelSrSle Tn ' 1 1 n T"' ^ """"^ '^^^'"9 ^ thickness of 50 
having the following stnicture was fabricate* °" ^""^ ^ •"^snetoresistance effect device 
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fabricated: 

Example Sample 2A: NiFeCr(4)/PtMn(25)/CoFe(3)/RuO(0.8) /CoFe(3)/AIO(1 .4)/CoFe(1)/NiFe(4) 
[0097] For comparison, a sample having a conventional structure shown below was fabricated. 
Conventional Sample A: PtMn(25)/CoFe(6)/AIO(1 .2)/CoFe(1) /NiFe(4) 

[0098] In example sample 2, PtMn corresponds to the antiferromagnetic layer 201 shown in Figure 2. CoFe corre- 
sponds to the magnetic film 106. RuO corresponds to the non-magnetic layer 104 for exchange-coupling. CoFe cor- 
responds tothe magnetic film 105. AlO corresponds to the non-magnetic film 103. CoFe and NiFe correspond to the 
free layer 101. In example sample 2A, NiFeCr corresponds to the underlying layer 201 A. The other components are 
the same as those of example sample 2. 

[0099] The RuO and AlO films were fomied by natural oxidation after the fonnation of Ru and Al films. After these 
samples were thennally treated at 280'*C in a magnetic field for two hours, magnetoresistance effect devices of 1 ^m x 1 
were fomied from films of example sample 2, example sample 2A, and conventional sample A by photolithography. 
A periphery of each of the resultant magnetoresistance effect devices was insulated by AIO, and a through hole was 
made. Over the resultant structure, a Cu/Pt film is fomied so as to have a thickness of 50 nm as an upper electrode. 
The thus-fabricated magnetoresistance effect devices were thermally treated up to 400°C. Then, a magnetic field of 
500 Oe was applied to the magnetoresistance effect devices, and the MR ratio was measured. A result of the meas- 
urement is shown in Table 2: 



[Table 2] 



Thennal treatment temperature (°C) 


300 


320 


340 


360 


380 


400 


MR ratio of example sample 2 (%) 


45 


45 


45 


45 


43 


35 


MR ratio of example sample 2A (%) 


46 


46 


46 


46 


44 


39 


MR ratio of conventional sample A (%) 


42 


40 


18 


2 


0 


0 



[0100] As seen from Table 2, we found that the magnetoresistance effect device 200 has superior thermal stability 
as compared with the conventional device. 

(Example 3) 

[0101] The magnetoresistance effect device 200 shown in Figure 2 was fabricated by sputtering using Si for a sub- 
strate andTa, NiFeCr, Ru02, PtMn, CoFe. Cu, CoFeB for targets. In the first step, a Ta/NiFeCr film was fomned on the 
Si substrate so as to have a thickness of 6 nm. Then, on the Ta/NIFeCr film, a magnetoresistance effect device having 
the following structures were fabricated. 

Example Sample 3: PtMn(15)/CoFe(2)/RuO{0.8)/CoFe(2) /Cu(2.4)/CoFe(2)/Cu{1)/Ta(3) 

Example Sample 3A: RMn(15)/CoFeB(1)/CoFe(1 .5)/RuO(0.8) /CoFe(2)/Cu(2.4)/CoFe(2)/Cu(1)yTa(3) 

(where the "RuO" film is an oxide film of Ru but does not mean that the ratio between Ru and O Is 1 :1 . This Is the same 

for IrO and AIO as well.) 

[0102] For comparison, a sample having a conventional structure shown below was fabricated. 
Conventional Sample B: PtMn(15)/CoFe(4)/Cu(2.4)/CoFe(2) /Cu(1)/Ta(3) 

[0103] In example sample 3, PtMn corresponds to the antifen-omagnetic layer 201 shown in Figure 2. CoFe corre- 
sponds to the magnetic film 106. RuO corresponds to the non-magnetic layer 104 for exchange-coupling. CoFe cor- 
responds to the magnetic film 105. Cu corresponds to the non-magnetic film 103. CoFe corresponds to the free layer 
101. Cu and Ta correspond to a cap layer (not shown). In example sample 3A, CoFeB and CoFe correspond to the 
magnetic film 106. The other components are the same as those of example sample 3. 

[01 04] After these samples were thermally treated at 280«C in a magnetic field for two hours, films of example sample 
3, example sample 3A, and conventional sample B were fomied into structures of 0.5 |xmx1 ^m by photolithography, 
and electrodes were formed thereon so as to produce magnetoresistance effect devices. The MR ratio of each of the 
magnetoresistance effect devices was measured at room temperature, and the coercive force HC of the free layer of 
each magnetoresistance effect device was examined. A result of the examination is shown below. 





Sample 3 


Sample 3A 


Sample B 


He (Oe) 


6 


1 


9 



[0105] As seen from the result, we found that, in a magnetoresistance effect device where CoFeB is used in the 
magnetic film 106 of the pinned layer 102, the soft-magnetic characteristic of the free layer 101 was significantly im- 
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A resuft of the measurement shown In Table 3: temperature, and the MR ratio was measured. 
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Themiai treatment temperature (°C) 



[Table 3] 



MR ratio of example sample 3 (%) 



MR ratio of example sample 3A (%) 



MR ratio of conventional sample B (%) 



300 320 



11 



10 



11 



10 



340 360 



11 



11 



10 10 



380 



400 



75 



20 



25 



30 



35 



40 



45 



(Example 4) 

hav,ng the following structure was fabricLd " °" '''' ""^"^ « '"agnetoresistLe eS',;;,,'" 

Bcampie sample 4A:NiFeC?(4^^^^^^^ 

[0109] For comparison, a sample haWng a conventionli ? ^^^'^^(^yAlOd .4)/NiFe(3)/RuO(0.8)/NiFe(2) 

Afterthese samples were thermally treated at Pfln.r 

S^e o/r'r ''''^ '^^'^^^ ^^^^ ^^^^«"y treateS^^^^^^^^^^ '''''' ^he thus-fabhcated mag 

magnetores.stance effect devices, and the^R ratio wa^measur^^^^^^^^ 

rea. m result of the measurement is shown in Table 4: 

[Table 4] 



Themial treatment temperature ('>C) 
MR ratio of example sample 4 {%) 



MR ratio of example sample 4A (%) 



MR ratio of conventional sample C (%) 



300 



41 



42 



41 



320 



41 



42 



41 



340 



41 



42 



28 



360 



41 



42 



380 



40 



42 



400 



37 



39 



so 



55 



[0112] As seen from Table 4 w** fmmr^ u 





H=40 Oe 


H=80 Oe 


|"h=120 Oe 


Example Sample 4 
Example Sample 4A 
Conventional Sample C 


MR==39% 
MR=39% 
MR=4% 


MR=40% 
MR=41% 
MR=28% 


MR=41% 
MR=42% 
MR=397o 
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when the applied magnetic field is weak. This is because the free layer 301 is fomned by the magnetic films 303 and 
304 which are antlferromagnetically exchange-coupled via the non-magnetic layer 302, and therefore, the effective 
thickness of the NiFe film of the free layer 301 against an external magnetic field is considered to be about 1 nm. On 
the other hand, the thickness of an uppermost NiFe layer in conventional sample C is 5 nm. Therefore, if the device 
5 size is as small as that of sample C, a reversed magnetic field becomes large. Furthenmore, as the magnetic field 
becomes smaller, rotation of the magnetization direction of the free layer becomes more difffeult. Thus, it is assumed 
that a large MR ratio cannot be conventionally obtained with a weak magnetic field for the above reasons. Further still, 
asymmetry of an MR curve of each of the above magneto resistance effect devices was examined. Substantially no 
asymmetry was found in example samples 4 and 4A, whereas some asymmetry was found in conventional sample C. 

10 

(Example 5) 

[0114] The magnetoresistance effect device 300 shown in Figure 3 was fabricated by sputtering using Si for a sub- 
strate and Ta, NiFeCr, Ru02, PtMn, CoFe, Cu, and NiFe for targets. In the first step, a Ta/NiFeCr film was fomned on 
15 the Si substrate so as to have a thickness of 6 nm. Then, on the Ta/NiFeCr film, a magnetoresistance effect device 
having the following structure was fabricated. 

Example Sample 5: PtMn(15)/CoFe(2)/RuO(0.8)/CoFe{2) /Cu(2.4)/CoFe(1)/NiFe(1)/RuO(0.8)/NIFe(1 .5)/ra(3) 
[01 15] For comparison, a sample having a conventional structure shown below was fabricated. 
Conventional Sample D: PlMn(15)/CoFe(2)/Ru(0.7)/CoFe(2) /Cu(2.4)/CoFe(1)/NiFe(2.5)/Ta(3) 

20 [0116] In example sample 5, PtMn corresponds to the antiferromagnetic layer 201 shown in Figure 3. CoFe corre- 
sponds to the magnetic film 106. RuO corresponds to the non-magnetic layer 104 for exchange-coupling. CoFe cor- 
responds to the magnetic film 105. Cu con'esponds to the non-magnetic film 103. CoFe and NiFe correspond to the 
magnetic film 304. RuO corresponds to the non-magnetic layer 302 for exchange-coupling. NiFe conresponds to the 
magnetic film 303. Ta corresponds to a cap layer (not shown). 

25 [0117] Afterthese samples were thermally treated at280**C in a magnetic field fortwo hours, films of example sample 
5 and conventional sample D were fonned into structures of 0.2 p.m x 0.3 p.m by photolithography, and electrodes 
were fonmed thereon so as to produce magnetoresistance effect devices. The thus-fabricated magnetoresistance effect 
devices were thenmally treated up to 400*'C. Then, a magnetic field of 500 Oe was applied to the magnetoresistance 
effect devices, and the MR ratio was measured. A result of the measurement is shown in Table 5: 

30 



[Table 5] 



ThenTjal treatment temperature ("C) 


300 


320 


340 


360 


380 


400 


MR ratio of example sample 5 (%) 


9 


9 


9 


9 


8 


1 


MR ratio of conventional sample D (%) 


9 


9 


4 


0 


0 


0 



[0118] As seen from Table 5, we found that the magnetoresistance effect device 300 of the present invention has 
superior thermal stability as compared with the conventional device. The dependence of the MR ratio on the measured 
magnetic field H was also examined. A result of the examination is shown below: 

40 





H=:40 Oe 


H=80 Oe 


H=120 Oe 


Example Sample 5 
Conventional Sample D 


MR=8% 
MR=2% 


MR=9% 
MR=6% 


MR=9% 
MR=8% 



45 

[0119] As seen from this result, we found that the magnetoresistance effect device 300 of the present invention has 
superior sensitivity to a magnetic field as compared with the conventional device when the device is fonmed so as to 
have a small size. 

^0 (Example 6) 

[0120] The magnetic heads 500 having a structure shown in Figure 5 were produced by using, as the magnetore- 
sistance effect device 504, a GMR film of example sample 3 and a GMR film of conventional sample B, which were 
produced as in Example 3. The recording pole 507 and the shields 501 and 502 of the magnetic heads 500 were made 
55 of NiFe plated films. The track width of the GMR device 504 of the reproduction head section 505 was 0.3 ^im, and the 
MR height was also 0.3 am. For the purpose of examining the themial stability of the produced heads 500, the heads 
500 were stored in a thennostatic oven at 1 50*0, an electric current of 5 mA was applied to the heads 500 for 5 days, 
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15 



20 



30 



35 



40 



45 



50 



55 



produced With conventional sample B Z'^Jr:ZZl^^^T^:' TT^' °' 
head 500 according to the present Inve^on c^lw/rShh . ' * '"""'^ "'^'""'y °f '^'^ 

head. By using the head 500 of the n^!S^t il^ considerably improved as compared with that of the conventional 
eluding a driver or the heaTsoi S mJnn t T' "^^""^ '"^^"^'''^ recording/reproduction apparatuses 700 in- 
as shov^ in RgurrT The o™Su;.L Z '^""^ " ^'9"^' ^"^'^^^9 section were produced 

in a thellSc ovIn a 1?0™C W Z^eVS^ntS^ '^"^ ^""'^^'^ 

. we confirmed that none of the twenty apparatuses 700 were deteriorated. 



10 (Example 7) 



S^fniee^LTicl^o:^?^^^^^^^^^ 

film of example sample 4 which weTe prl 3 n Ex^.e 4 an^TMR l^T^^^^^ ? ^f'"'"' ' ™" 
shields 601 and 602 of the magnetic heads eooZl^^lj'Kr^ T °* °°"ventional samples A and B. The 

plated films of the shield 60TSS b^n CMP oo.iZdTh.^^^^^^^^^ '"^'^ ^^^'^^^ ^'F^ 

lnExamples2and4ie theforSi^n^ 
Then, an^lectrode film waTfo^Td he '^^^^^^^ 

formed into a 0.5 um x 0 5 um shaoe Z ,h™ ""^ °' ^^P^t^uct'on head section was 

the heads 600 weLtorecfinTt erosrat c o^e^^^ 

and output values of the heads 600 before anTafte tlh a h^?/r ^ ^ ^^^^^^^ 
of the heads 600 produced with ex^I slDfes 2 S LcH *f « '^'^ output values 

values of the heads produced with ^^vertio^l^U i .1 '^^'^^'^'^ ^"""^ '^'^^^^^^ ^he output 
the them,al stability Of th^SLTSraSlTna 
« that Of the conventional head ^ ' ~"«'«^«'«bly improved as compared with 



(Example 8) 



Ss Jance Srlnre ''^"^^ ' ""''^ -^"9, as the mag- 

In the first step. se^seTes M2 ^Tre^^^^^^ convenfonal sample D which were produced in Example i. 

an AlO film was fom,e o i^' ^t on over So?the il^^^^^^ 'T^' ' --'"P'e 0, and 

on the AlO film, and another AlO fimwarfo^^ on thV^ ir I".?""^' ^ ""^ °' ^u was fomied 
line 803 of Cu was fon^ed wSr^vThe ma^n^rllft 7 'or.nsulation. On the resultant structure, a word 
Figure 8. The produceSmorJ de^^^JJ^i^^^^^^ '^^'-^ P-<^"-d as shown in 

random access memory (MRAMjlTwal SrZct o^^^^^^^ '° ^ °' ^ "'^g"^"^ 

in such a processed tr^l product rr^JnTind rill onlT ^'"'^""9 380X, and 

AS a resui: in the MRAM oduced u^^ exa'^XTf ;;ro^^^^^^^^ """^ ""^^ ^""^ ^ 

t.ed^ Whereas in the MBA. produced uLgTrrlV^il^S:^^^^^^^^^^^ 



(Example 9) 



[0123] The magneto resistance effect memorv devices 900 hauinn a etr,.^*.. # 

as the magnetoresistance effect device 901 eJlmprjl^Sis ITnH^?^ '^""^ * 

of the produced memo^^ devices 900 was aboT! 1 nTo . " ^^'^"'^ ^ P'^'luced. The resistance 

903 and 904 so as to generaS a ^Z^lT,^ w,^.- ^""'^"'^ ^° "'"'"S*^ the word lines 

was inverted, therebyTcor^ ng irjaS^^^^^^^^^ ^Z^ZTT- "^'^^^t'o" the free layer 

lines 903 and 904 in oppositdii^eZf so al to cauSh^ e^ectnc currents were allowed to flow through the word 
thereby recording infonriation 4 tr^JIh^ the magnetization direction of the free layer to be inverted, 

lines 902 and 904 sS^Sat 0 05 mITf 11 17 ^ ^ ^P"^" "^t^^^" the sense 

was measured fo^ Zl^TJv Tn'd n ^^"^ ^" <^-'- 

S"NrtEr"^"^r=°--''°"^'--^^^^^^ 
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(SW-Tr). were arranged in a matrix and flattened by CMP-polishing, and magneto resistance effect memory devices 
having the above structure were arranged in a matrix so as to correspond to the CMOSs in a one-to-one manner. In 
the final step, the resultant structure was processed by hydrogen sintering at 380*C. 

[0125] In a recording operation in a memory device at address (N,M) in the matrix, at first, electric cun-ents were 
5 allowed to flow through word lines which cross above the memory device at address (N,M), and a synthetic magnetic 
field was generated by these currents. By the generated synthetic magnetic field, infonmation was recorded in the 
memory device at address (N,M}. In a reading operation, a desired memory device was selected by a corresponding 
CMOS switching transistor, and a resistance value of the selected device and a reference resistance value were com- 
pared, whereby information was read from each memory device. In these operations, in the MRAM produced with 
10 example sample 4 or 4A, a large output was obtained, as large as that obtained in a single memory device produced 
with example sample 4 or 4A. However, in the MRAM produced with conventional sample C, no output was obtained. 
This is assumed to be because the memory device of the present invention can endure hydrogen sintering processing 
at 380'*C, but the conventional memory device cannot. 

[0126] As described hereinabove, according to the present invention, a magnetoresistance effect device with im- 
15 proved themnal stability which stably operates even after a thennal treatment of 400**C, and a magnetic head, a magnetic 
recording medium and a memory device which are produced by using the themnally-stable magnetoresistance effect 
device of the present invention, can be produced. 

[0127] Various other modifications will be apparent to and can be readily made by those skilled In the art without 

departing from the scope and spirit of this invention . Accordingly, it is not intended that the scope of the claims appended 
20 hereto be limited to the description as set forth herein, but rather that the claims be broadly construed. 



Claims 

^5 1. A magnetoresistance effect device, comprising: 

a free layer whose magnetization direction is easily rotated by an extemal magnetic field; 
a non-magnetization layer; and 

a pinned layer whose magnetization direction is not easily rotated by an external magnetic field, the pinned 
JO layer being provided on a face of the non-magnetization layer which is opposite to a face on which the free 

layer is fonned, 

wherein the pinned layer includes: 

35 a first non-magnetic film for exchange-coupling; and 

first and second magnetic films which are antifen^omagnetically exchange-coupled to each other via the first 
non-magnetic film, and 

the first non-magnetic film includes one of the oxides of Ru, Ir, Rh, and Re. 

-fo 2. A magnetoresistance effect device according to claim 1 , 

wherein the magnetoresistance effect device is a tunneling-type magnetoresistance effect device. 

3. A magnetoresistance effect device according to claim 1 , further comprising an antiferromagnetic film which is 
magnetically exchange-coupled to the pinned layer. 

45 

4. A magnetoresistance effect device according to claim 1 , 
wherein: 

the free layer includes 
so a second non-magnetic layer for exchange-coupling, and 

third and fourth magnetic films which are antiferromagnetically exchange-coupled to each other via the second 
non-magnetic film; 

the second non-magnetic film for exchange-coupling includes one of the oxides of Ru, Ir, Rh, and Re; and 
the third magnetic film has an intensity of magnetization M1 and a thickness t1 and the fourth magnetic film 
55 has an intensity of magnetization M2 and a thickness t2, and a product (M1 xtl ) is substantially different from 

a product (M2xt2). 

5. A magnetoresistance effect device according to claim 4, wherein at least one of the first through fourth magnetic 
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films mainly contains cobalt (Co) and also contains boron (B). 

6. A magnetoresistance effect device accorriinn tr. . ^ 
films main^ contains coba« iCoZ^ZZ'lTZl. '"'^ °" °' ''^ -S-^fe 

7. A magnetoresistance effect device according to claim i , further comprising: 

magnetic ,ayerw.ch.oUiteto"a^:^twt:^^^^^^^^^^ 

8. A magnetoresistance effect device, comprising: 

t J^nXS^a^yrar ^ '^'^ "'^^^ - — -gnetic fie.d; 

^^y^^^^^^^^^^^^^^ an externa, magnetic fieid. tt,e pinned 

layer is fomied. "°" magnetization layer which is opposite to a face on which the free 

wherein the free layer includes: 

a first non-magnetic layer for exchange-coupling; and 

a product (M2xt2). ''"^""^^ and a product (Ml xtl ) is substantially differentfrom 

^ 9. A "magnetoresistance affect device acco^Jing to claim 8 

IST™™ f"""' '"""*9«™gnellcs.bm« and 
«. A ^ . ^ ^ 

^ 13. A magnetic head, comprising: 

I'^T^'I '""'""'"S a magnetic substance- and 
the magnetoresistance effect device of claim i LrtlZl ' 

flux guiding section. ^ '°^«*etect.ng a signal magneticfield introduced by the magnetic 

55 14. A magnetic head, comprising: 
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flux guiding section. 

15. A magnetic recording medium, comprising: 

5 the magnetic head of claim 11 for recording a signal in a recording medium; 

an arm on which the magnetic head is mounted; 
a driving section for driving the arm; and 

a signal processing section for processing the signal and supplying the processed signal to the magnetic head. 

10 16. A magnetic recording medium, comprising: 

the magnetic head of claim 12 for recording a signal in a recording medium; 
an arm on which the magnetic head Is mounted; 
a driving section for driving the arm; and 
15 a signal processing section for processing the signal and supplying the processed signal to the magnetic head. 

17. A magnetic recording medium, comprising: 

the magnetic head of claim 13 for recording a signal in a recording medium; 
20 an arm on which the magnetic head is mounted; 

a driving section for driving the anm; and 

a signal processing section for processing the signal and supplying the processed signal to the magnetic head. 

18. A magnetic recording medium, comprising: 

25 ^ 

the magnetic head of claim 14 for recording a signal in a recording medium; 
an arm on which the magnetic head is mounted; 
a driving section for driving the amn; and 

a signal processing section for processing the signal and supplying the processed signal to the magnetic head. 

30 

19. A magnetoresistance effect memory device, comprising: 

a magnetoresistance effect device including 

a free layer whose magnetization direction is easily rotated by an external magnetic field, 
35 a non-magnetization layer, and 

a pinned layer whose magnetization direction is not easily rotated by an external magnetic field, the pinned 
layer being provided on a face of the non-magnetization layer which is opposite to a face on which the free 
layer is formed, 

40 wherein the pinned layer includes: 

a non-magnetic film for exchange-coupling; and 

first and second magnetic films which are antiferromagneticaliy exchange-coupled to each other via the non- 
magnetic film, 

45 the non-magnetic film for exchange-coupling includes one of the oxides of Ru, !r, Rh, and Re; 

a word line for generating a magnetic field so as to invert the magnetization direction of the free layer; and 
a sense line for detecting a change in resistance of the magnetoresistance effect device. 

20. A magnetoresistance effect memory device according to claim 19, wherein the magnetoresistance effect device 
50 further includes an antlferromagnetic film which is magnetically exchange-coupled to the pinned layer. 

21. A magnetoresistance effect memory device according to claim 19, wherein the free layer includes: 

a second non-magnetic layer for exchange-coupling; and 
55 third and fourth magnetic films which are antiferromagneticaliy exchange-coupled to each other via the second 

non-magnetic film; 

the second non-magnetic film for exchange-coupling includes one of the oxides of Ru, Ir, Rh, and Re; and 
the third magnetic film has an intensity of magnetization I\/11 and a thickness t1 and the fourth magnetic film 
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has an Intensity of magnetization M2 and a thickness tp «nH o . ^ 

a product (M2xt2). i^^^^bs^ t2, and a product (m xt1) is substantially different from 

• magnaoresislanc. Uecl dnlce Induatig 

jrrr;:r.™cr r;:;:rr ^^^^^ 

^ layer re formed, ^^^^ '*"*""»l>»"«= » a face on MiBr, m, t„a 

Wherein the free layer includes: 

a «rO ,»r,.TOgnetlc layer for mchanga^oaptog; and 

™,ne* layer . „^p«, .» a^:^ » SX^llZT " 

™=n««: lay.r»h«, * oppo,^ aC'SIiSSn^CtToZ!""' »" »'"» 
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FIG. 3 
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FIG. 5 
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